Two closely related aerobic, Gram-stain-negative, rod-shaped bacteria (S6-60 T and S6-67) were isolated from the mucus of the coral, Pocilloporaeydouxi, from the Andaman Sea, India. Heterotrophic growth on marine agar was observed at 4-37 C and at pH 6.5-10.0; optimum growth occurred at [25][26][27][28][29][30] C and at pH 7-9. 16S rRNA gene sequence analysis confirmed that the isolates belong to the genus Psychrobacter; the two isolates shared more than 99.5 % pairwise sequence similarity. Strain S6-60 T showed a maximum 16S rRNA similarity of 98.92 % 
Introduction
The genus Psychrobacter was proposed by Juni & Heym (1986) , to accommodate psychrophilic, Gram-negative, halotolerant bacteria. The genus belongs to the family Moraxellaceae and class Gammaproteobacteria (Bozal et al., 2003) . At the time of writing the genus Psychrobacter comprises 37 species with validly published names, which have been isolated from a wide range of habitats. Sources are fish, processed meat, seafood, clinical samples, skin, gills, sea water, marine sediment and Antarctic sea ice (Juni & Heym, 1986; Bowman et al., 1997; Kampfer et al., 2002; Yoon et al., 2003; Yumoto et al., 2003; Jung et al., 2005; Shivaji et al., 2005; Matsuyama et al., 2015) . Phenotypically, strains are Gram-negative, aerobic and rod-shaped. All the strains grow optimally at [25] [26] [27] [28] [29] [30] C and pH 7.0-9.0. All strains are catalase and oxidase positive. Phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and phosphatidylethanolamine (PE) are the main polar lipids and C 18 : 1 !9c, C 18 : 1 !8c, C 18 : 1 !7c, C 16 : 0 and C 12 : 0 3OH are the major fatty acids. DNA G+C content varies between 42-50.7 mol%.
In the present study, we describe the phenotypic, genotypic and chemotaxonomic characteristics of two novel bacterial strains, S6-60 T and S6-67, isolated from the mucus of the coral Pocillopora eydouxi from the Andaman Sea. This polyphasic taxonomic study demonstrates that the strains represent a novel species of the genus Psychrobacter and strain S6-60 T is proposed as the type strain of the novel species, for which we suggest the name, Psychrobacter pocilloporae sp. nov.
Multiple specimens of the coral, Pocillopora eydouxi, were collected by sea diving near North Bay island, Andaman (coordinates: 11 42¢21 †N; 92 45¢01 †E) in March, 2012. Isolation of the strains was performed according to methods described earlier (Kumari et al., 2014a C and stored at 4 C for short-term preservation; for long-term preservation the cultures were stored at À80 C in 15 % (v/v) glycerol.
Cell morphology was examined by using transmission electron microscopy (TECNAI G   2 , FEI, Holland) where cells were placed on a carbon-coated grid and negatively stained with 2.0 % (v/v) phosphotungstic acid (Sharma et al., 1989) . Gram stain character was determined using a Gram staining kit (Hi-Media). Growth at different temperatures (4, 10, 15, 20, 25, 30, 37 and 40 C) was examined in marine broth at pH 7.2 for 2 days. Similarly, the pH range for growth was examined in marine broth prepared in buffered solutions (pH 3.5-5.5, 50 mM acetic acid/50 mM sodium acetate; pH 6-8, 50 mM KH 2 PO 4 /50 mM K 2 HPO 4 ; pH 8.0-10, 50 mM Na 2 CO 3 /50 mM NaHCO 3 ) (Jung et al., 2012) in the range pH 3.0-10.0 in steps of 0.5 pH unit at 26 C for 2 days. Anaerobic growth was tested on MA using the BD GasPak EZ system. The sensitivity of strains to NaCl was examined in artificial seawater (Jiang et al., 2014) supplemented with 0.1 % (w/v) yeast extract with NaCl added at final concentrations of 0-15 % (w/v) at 26 C for 3 days. The two isolates shared similar morphological and physiological properties. Cells were Gram-stain-negative, aerobic, non-sporulating, non-motile, short rods of size 1.6-1.9Â0.9-1.1 µm occurring singly (Fig. S1 , available in the online Supplementary Material). They grew heterotrophically at 4-37 C and pH 6.5-10. The optimum growth temperature was 25-30 C and pH 7-9. Strains were capable of growing in varying NaCl concentrations of 0-12 % (w/v).
Phenotypic characteristics such as indole, methyl red, the Voges-Proskauer test, H 2 S production, nitrate reduction, citrate utilisation, activities of catalase, oxidase, lysine decarboxylase, ornithine decarboxylase, arginine dihydrolase, urease and the hydrolysis of esculin, casein, DNA, gelatin, starch and Tween 20 and 80 were tested according to Mata et al. (2002) . Acid production from carbohydrates was determined as described by Leifson (1963) . Utilisation of substrates as the sole source of carbon and energy was tested according to the method of Yurkov et al. (1994) at 26 C, where the final substrate concentration was 0.5 % (w/v). Apart from classical tests, phenotypic characterisation was also performed to compare characteristics with type strains of related species under the same conditions using API 20 NE, API ZYM (bio-M erieux) and Biolog GNII microplates according to the manufacturers' instructions with minor modifications, i.e. cell suspensions for inoculation were prepared in sterile artificial sea water. Susceptibility to different antimicrobials was determined by the disc diffusion method on MA using the following antimicrobial discs (µg/disc): ampicillin (10), chloramphenicol (30), erythromycin (15), nalidixic acid (30), rifampicin (30), tetracycline (30), vancomycin (30), kanamycin (30), streptomycin (30), ciprofloxacin (5), spectinomycin (100), gentamycin (120), sulfamethoxazole (23.75), trimethoprim (1.25) and sulfamethoxazole/trimethoprim (23.75/1.25). Sensitivity to antimicrobials was recorded after 48 h of incubation by measuring the mean diameter of the inhibition zone.
All strains compared in this study showed many similarities indicating a certain degree of relatedness between them (Table S1 ). Otherwise strains exhibited significant phenotypic variability, indicating species level differences in metabolic activities (Tables 1 and S2 ). Differences in physiological properties (mainly substrate utilization patterns) supports the separation of strain S6-60
T from its most closely related species. Strain S6-60 T was negative for the hydrolysis of Tween 20, weakly positive for the utilization of L-rhamnose, but negative for the utilization of a-keto glutaric acid and L-aspartic acid (in the Biolog assay). It was susceptible to streptomycin and ampicillin, but resistant to tetracycline. The two novel isolates, strains S6-60
T and S6-67, showed high phenotypic homogeneity, except that variable reactions were observed in their substrate utilization patterns in the Biolog assay.
Isolation of genomic DNA, amplification of the 16S rRNA gene and sequencing were performed by methods described previously (Kumari et al., 2014a) . The amplicons were gel purified with a NucleoSpin Gel and PCR Clean-up kit (Macherey-Nagel) and sequenced using an eight capillary DNA analyzer (model number 3500, Applied Biosystems) by following the manufacturer's sequencing protocol. The nucleotide sequences were assembled using the sequence alignment editor program, BioEdit (Hall, 2007) , and compared with those in the GenBank after BLAST searches (Altschul et al., 1997) using the EzTaxon-e server (Kim et al., 2012) . 16S rRNA sequences of Psychrobacter pocilloporae strain S6-60 T (1405 nt) and S6-67 (1401 nt) were deposited in the DDBJ/EMBL/GenBank database with the accession numbers, KT444699 and KU886566, respectively.
Altogether, 1405 nucleotides of the 16S rRNA gene from strain S6-60
T were sequenced and compared with sequences from closely related strains retrieved from the GenBank database. The robustness of treeing methods was established by bootstrap analysis based on 1000 replications (Felsenstein, 1985) using the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithm and the Kimura two parameter model (Kimura, 1980) using the MEGA 5 (Tamura et al., 2011) software package (The Biodesign Institute). Further phylogenetic diversity was addressed by speciesspecific base substitution or deletions (signature position). Intra-genus (between S6-60 T and the closely related species of the genus Psychrobacter) 16S rRNA signatures were determined based on reference base positions and helix numbering according to E. coli 16S rRNA template information obtained from the Comparative RNA Website (www.rna.icmb.utexas. edu) (Cannone et al., 2002) . Pairwise sequence similarity using the EzTaxon server indicated that strain S6-60 T shared more than 97 % similarity with the following seven type strains: P. 6.5-10 6.5-10 6.5-10 5.5-9.5 6-10.5 6-10.5 6.5-10 5.5-10 6.5-10.5 NaCl range for growth (%, w/v) 0-12 0-12 0-8 0-11 0-12 0-10 0-8 0-13 0-16 Reduction of nitrate Maruyama et al. (2000) . †Data taken from Matsuyama et al. (2015) .
strains of the genus Psychrobacter (Fig. 1 ). Trees reconstructed with the NJ, ML and MP algorithms were found to be nearly identical. By screening of the signatures present on 16S rRNA among strain S6-60 T and S6-67 along with those of closely related members of the genus Psychrobacter, a total of 51 signatures were identified in 17 different helices: helix 61 (4 signatures), helix 113 (1 signature), helix 144 (1 signature), helix 184 (1 signature), helix 198 (9 signatures), helix 240 (1 signature), helix 367 (2 signatures), helix 441 (4 signatures), helix 577 (1 signature), helix 588 (3 signatures), helix 655 (2 signatures), helix 673 (3 signatures), helix 829 (1 signature), helix 996 (3 signatures), helix 1006 (2 signatures), helix 1118 (4 signatures) and helix 1399 (9 signatures). Out of them all, helices 198 and 1399 were the most variable (Table S3 ).
The DNA G+C content of strain S6-60 T was determined by the reversed phase HPLC method. DNA was degraded enzymatically into nucleosides, as described by Mesbah et al. (1989) and separated by HPLC (Shimadzu) using an analytical column (Vydac 201 SP54, C18, 5 µm; 250Â4.6 mm) equipped with a guard column (Vydac 201 GD54H). The operating conditions were as described by Tomaoka & Komagata (1984 DNA-DNA hybridization is considered to be a standard method for defining bacterial species (Wayne et al., 1987 T . DNA (100 ng) from each strain was transferred on to a positively charged nylon membrane (Hybond-N+; Amersham) by using a dot-blot apparatus (Bio-Rad). The membrane was air-dried, cross-linked and the DNA probe for each strain was labelled with [a-32 P]-CTP (BRIT) by using a NEBlot-kit (New England Biolabs). Hybridization was performed at 50 C as described by Sambrook & Russel (2001) . Autoradiographs were digitized and densitometric analysis was performed using an ImageLab 5.1 (Bio-Rad) analyzer implemented with a ChemiDoc XRS+ system (Bio-Rad). DNA-DNA relatedness between strain S6-60 T and S6-67 was more than 90 % indicating that the strains represent the same species. T . The values were significantly lower than the 70 % recommended value for species delineation (Wayne et al., 1987) , suggesting S6-60 T should be considered a novel member of the genus Psychrobacter.
The cellular fatty acids of strain S6-60 T and S6-67 and closely related reference type strains were analysed simultaneously from stationary phase cells grown on MA plates at 26 C for 3 days. Preparation of fatty acid methyl esters, gas chromatographic separation and analysis were performed by a method described earlier (Kumari et al., 2014b) . Polar lipids were extracted from 200 mg freeze-dried cells following the method described by Bligh & Dyer (1959) , separated by two-dimensional TLC on silica gel 60 F254 plates (Merck). Total lipids and specific functional groups were detected by using phosphomolybdic acid (total lipids), ninhydrin (amino lipids), a-naphthol (glycolipids) and molybdenum blue reagent (phospholipids). For the analysis of diaminopimelic acid, cells were grown in marine broth to the mid-log phase in a rotary shaker at 26 C. Diaminopimelic acid was detected by the method of Rhuland et al. (1955) with the modification that TLC on cellulose sheets (Merck, cat no. 1.05577) was used instead of paper chromatography. The fatty acid composition of strain S6-60 T is shown in Table 2 . The cellular fatty acid profiles of strain S6-60 T and the type strains of closely related species of the genus Psychrobacter comprised mainly C 18 : 1 !9c, C 17 : 1 !8c and C 16 : 1 !7c. Species level variations can be confirmed by differences in the amount (% of totals) of fatty acids present. However, all strains exhibited very similar polar lipid profiles, with a predominance of PG, DPG and PE (Fig. S2) . However, strain S6-60
T could be differentiated due to the presence of additional unknown lipids. The peptidoglycan of strain S6-60 T contained meso-DAP.
Description of Psychrobacter pocilloporae sp. nov.
Psychrobacter pocilloporae (po. cil. lo. po¢ rae. N.L. gen. n. pocilloporae of Pocillopora referring to the isolation of the type strain from the coral, Pocillopora eydouxi).
Cells are Gram-stain-negative, aerobic, non-sporulating, nonmotile, short rods of size 1.6-1.9Â0.9-1.1 µm and occur singly. On marine agar they form tiny cream colonies of size 0.5-1 mm dia after 2 days at 26 C. They grow heterotrophically at 4-37 C and pH 6.5-10. The optimum growth temperature is 25-30 C and pH 7-9. Capable of growing in ‡Data taken from Yumoto et al. (2010) . §Data taken from Shivaji et al. (2005) . ||Data taken from Heuchert et al. (2004) . ¶Data taken from Yoon et al. (2005) . Psychrobacter pocilloporae S6-60 T (KT444699)
Psychrobacter pocilloporae S6-67 T (KU886566) Fig. 1 . Neighbour-joining phylogenetic tree based on the 16S rRNA gene, showing the phylogenetic relationships of strain S6-60 T . Bootstrap values (based on 1000 replicates) >50 % are given at branching points. Accession numbers are given in parentheses. ., Branches were recovered in the maximum-likelihood tree; ○ , branches were recovered in maximum-parsimony tree. Bar, 1 substitution per 100 nucleotide positions.
Psychrobacter pocilloporae sp. nov.
varying NaCl concentrations 0-12 % (w/v). Positive for catalase, oxidase, urease and negative for arginine dihydrolase, ornithine decarboxylase and lysine decarboxylase activity. The type strain, S6-60 T (=JCM 31058 T =LMG 29157 T ) was isolated from mucus of the coral, Pocillopora eydouxi, derived from the Andaman Sea.The DNA G+C content of the type strain is 47.7 mol%. tute of Medical Sciences, New Delhi, for electron microscope facilities. We are also grateful to the Ministry of Environment and Forest, 
